The prevalence of mania among .65-year-olds ranges from 0.1% to 0.4% and its treatment is a particular challenge for clinicians. Although lithium is the treatment of choice for bipolar disorder (BD), its use in elderly population was recently questioned. This study provides a comprehensive review of literature on the efficacy and tolerability of lithium as a pharmacologic treatment for mania in elderly BD patients. We conducted a systematic review, based on PRISMA guidelines, of articles published between 1970 and August 2016 and indexed in the following databases: EMBASE, MEDLINE, Cochrane Library Databases and PsycINFO. The key words "age", "late-life", "geriatric", "elderly", and "older" were combined with words indicating pharmacologic treatments, such as lithium and other mood stabilizers and with the diagnostic terms "bipolar disorder" and "mania". Fifteen out of 196 retrieved studies met our inclusion criteria. Seven studies evaluated both the efficacy and tolerability of lithium treatment in elderly BD patients; a further three evaluated only the efficacy and five assessed tolerability. Only limited data on the treatment of elderly BD patients are available, but evidence suggests that lithium is effective and tolerated in this subgroup of patients and thus should remain a first-line drug. It seems to be more effective at lower doses and close monitoring of plasma concentrations is necessary.
Introduction
Bipolar disorder (BD) is a severe mood disorder characterized by recurrent mania or hypomania and depressive episodes, as defined in Diagnostic and Statistic Manual of Mental Disorders (DSM), 5th edition; 1 it is frequently associated with functional and cognitive impairment 2 and lower quality of life. 3 The lifetime prevalence in community samples is ~2.8%. 4, 5 A recent meta-analysis of epidemiologic studies noted that the reported prevalence of BD ranged from 0.1% to 7.4%. 6 BD is associated with a high risk of suicide. 7 BD has a greater impact and higher mortality rate in elderly patients than in younger patients. 8, 9 Elderly individuals with BD constitute 5%-19% of patients presenting for acute treatment at geriatric psychiatry services 10 and represent a particular challenge for clinicians. The reported prevalence of mania among .65-year olds ranges from 0.1% to 0.4%. 11, 12 Although the psychopathologic manifestations of mania are similar in the elderly and in younger bipolar patients, both the etiology and the response to treatment are extremely variable. Recent data support the hypothesis that in older patients the onset of BD may be related to neurologic or vascular diseases. 13 Many neuroimaging studies have shown brain atrophy and cerebrovascular lesions in patients with BD.
Elderly people are a heterogeneous group of patients who tend to have comorbidities and poor outcomes. After recognition of BD and careful diagnostic assessment, pharmacotherapy represents the cornerstone of their management. Lithium remains the treatment of choice for bipolar mania in elderly patients. 16 Although lithium has greater proven efficacy than other mood stabilizers with respect to treating and preventing manic episodes and reducing suicidal behavior 17 there is a dearth of good studies of its use in the elderly population. Its use in this group is based mainly on pharmacokinetic studies and clinical experience 18, 19 rather than on methodologically rigorous trials. Preliminary data suggest that lithium may have neuroprotective properties and reduce the risk of developing dementia. 20 The physiologic changes and the comorbid physical and psychiatric illnesses associated with age can increase vulnerability to side-effects and limit the dosage and, hence, benefits of drug therapies. 21 Furthermore, there has been very little epidemiologic research into treatment of latelife mania. 15 Given the high risk of lithium overdose close monitoring of plasma levels of the drug is necessary. The variable pharmacodynamics, comorbidities and frequent polypharmacy in the geriatric population mean that it is highly susceptible to life-threatening changes in plasma levels of lithium. Many drugs used in the elderly can increase plasma levels of lithium. 22 Lithium and antipsychotics are the agents of choice for treating a manic episode occurring as part of BD and for treating secondary mania. 23 Lithium is the oldest mood stabilizer and still one of the most frequently prescribed for the treatment of BD, but it is often replaced by newer mood-stabilizing agents, such as valproic acid, despite the lack of evidence to support such a change in prescription pattern. 24 Although expert reviews and guidelines continue to recommend the use of lithium, clinicians' drug prescription patterns in older adults are changing. The decrease in lithium prescriptions appears to be due to safety concerns. 25 This research sought to systematically review evidence from the last 15 years on the use of lithium as an acute and maintenance treatment for BD in elderly patients. Few blind, randomized, placebo-controlled trials of mood stabilizers have been conducted in the older bipolar population. 24 Age-specific information on risks and benefits consists, with few exceptions, of case reports and case series based on retrospective data. There is thus a clear lack of evidence to assist clinicians in planning treatment based on an individualized assessment of risks and benefits. Treatment recommendations and guidelines for older adults are based on extrapolation from mixed-age populations or small samples of elderly patients. The limited availability of information on which to base clinical management is striking; guidelines for pharmacotherapy of younger BD patients cannot be directly extrapolated to the care of elderly populations. 26 Earlier studies suggested that older people with manic BD show a reduced response to anti-manic and mood stabilizing agents. 27 The lack of placebo-controlled trials means that there is continuing uncertainty about the efficacy of mood stabilizers in treating geriatric BD. This systematic review analyses the available data on the efficacy and tolerability of lithium as a treatment for mania in late-life BD patients. According to epidemiologic data, the clinical features and other age-related factors could influence treatment with lithium and its pharmacokinetic and pharmacodynamic properties. The following discussion aimed to propose lithium as a useful tool in clinical practice.
Methodology

Data sources
Articles on the pharmacologic treatment of BD in the elderly published between 1970 and August 2016 in all languages were identified by searching MEDLINE, EMBASE, PsychINFO and Cochrane Library. The following MESH search string was used: Bipolar Disorder OR Mania AND Lithium AND geriatric OR elderly OR aged OR late-life AND efficacy AND tolerability OR safety. The search strategy is shown in Figure 1 .
Two of the authors independently reviewed all the retrieved studies. Additional data sources included the reference lists of retrieved articles. To improve the clarity and transparency of the review process, we followed the criteria and the key recommendations of the PRISMA statement; 28 where full-text articles were not available directly from the online databases or at the university, the authors were contacted to obtain a copy.
Assessment of study quality
This systematic review employed the Jadad 29 rating system to check the methodologic quality of studies. Jadad's procedure enables qualification of a study according to the clearness in describing the randomization, the double blind procedure and the report of withdrawals and dropouts. The score can range between 0 and 5. For this systematic review the inclusion criteria was a Jadad score .3.
Selection criteria
"Elderly" was defined as $65 years, as in most of the studies we examined. Nevertheless, we extended our 
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Lithium in late-life mania research to patients from the age of 50 until old-old patients (ie, .85 years old people). Seminal articles on lithium therapy for BD in mixed-age samples were included because of their evaluation of age effects. All relevant original articles were reviewed and reported. Conclusion regarding therapy were based primarily on studies with .10 patients. Relevant publications were identified, and the full text of these articles were retrieved and reviewed. Useful publications identified from the reference lists of retrieved articles were also included in this review.
The inclusion criteria were as follows: 1) patients (of either sex) were aged $50 years and affected with BD, and the study evaluated the efficacy and safety of lithium in the treatment and prevention of the manic episode; 2) mixed-age samples; 3) sample size of at least ten patients; 4) studies comparing lithium monotherapy with other mood stabilizers or placebo using the main BD psychopathology scales to evaluate outcomes; and 5) evaluations of the tolerability of lithium measured as frequency of discontinuation of lithium.
Studies were excluded if: 1) lithium was prescribed for psychiatric disorders other than BD; 2) lithium was prescribed for patients with BD secondary to general medical condition (GMC); 3) treatment with lithium for other psychiatric diseases; 4) lithium was used to treat other episodes in addition to mania; 5) lithium was used to augment other treatments; and 6) lithium was compared with other classes of drug (antidepressants, typical and atypical antipsychotics).
Results
The combined search string retrieved 443,635 papers ( Figure 1 ) of which only 1,065 were considered sufficiently relevant to warrant review of the abstract. Eight hundred sixty-nine were excluded because they were editorials, letters to editors, reviews, meta-analyses or case reports. One hundred eighty-one out of 196 papers were excluded because they did not fulfill the criteria for inclusion. Only two out of the 15 included studies were randomized clinical trials. Seven studies evaluated both the efficacy and tolerability of lithium in elderly BD patients, a further eight evaluated either efficacy (n=3) or tolerability (n=5). Relevant references in these publications were also identified and reviewed. The eligible publications have been included and cited in this review. Included studies are described in Tables 1 and 2 . There was a high rate of thyroid dysfunction in the study group. This is likely to be related to age and is just one example of the adverse effects of lithium, which have an increased incidence in older people. These unwanted effects and the risks of toxicity are reasons for carrying out lithium monitoring in the elderly with particular care 11 (26%) Li levels in 9 toxic patients were 1.4-2.6 meq/L Li discontinued in 2 others with tremor vomiting and ataxia Toxicity and/or dehydration: (Li =19; vPA =3) Hospitalizations: (Li =6; vPA =0) Leukocytosis: (Li =7; vPA =0) Thrombocytopenia: (Li =0; vPA =4) Hepatotoxicity: (Li =0; vPA =3)
The Li-group had more medication-related adverse events than vPA Treating geriatric patients with lithium requires careful monitoring Older adults reported more adverse events with Li treatment (85%) than with lamotrigine (82%)
Adverse events more common with lithium than lamotrigine were diarrhea, headache, nausea, infection, amnesia, dizziness, dyspraxia, xerostomia, tremor, fatigue, influenza Only back pain was more common with lamotrigine than lithium The overall incidence of rash, weight loss, weight gain, were similar into two groups Li was withdrawn in 6 (24%) patients, respectively for ineffectiveness, heart disease, unpredictable metabolism of lithium, poor compliance and mitigation of disease Among lithium treated patients, neither hypothyroidism nor renal failure were significant problems Drop-out rates were similar in the two groups Lithium remains irreplaceable and maintains a high effectiveness in the treatment of elderly patients Low doses and frequent monitoring are recommended 
Discussion
Efficacy of lithium in late-life bipolar mania
Lithium as a treatment for psychiatric disorders has been studied for .50 years. Over the past four decades multiple studies have validated lithium as the gold standard treatment for BD. 25 However, there are few placebo-controlled, double-blind, clinical trials in elderly patients on which to base an assessment of its efficacy and tolerability in this population. Most studies have used naturalistic or retrospective designs. Our literature search identified only two randomized trials of the effectiveness of lithium in late-life mania, 30, 31 although there were more observational and retrospective studies. [27] [28] [29] [30] [31] [32] Early studies of the effectiveness of lithium in the elderly used younger bipolar patients as a comparison group and were methodologically very flawed. van der Velde 27 showed that lithium was less therapeutically effective in patients .60 years old than in a comparison group of younger patients aged 60 years. These authors were the first to report on responses to lithium carbonate in manicdepressive patients. Lithium carbonate was found to be highly effective as a treatment for acute manic episodes, but its efficacy was inversely related to age. Only three out of the 12 elderly patients responded to treatment with lithium, compared with 51 out of 63 young patients. During the 3 years of follow-up only 8% of elderly patients treated with lithium became clinically stable, compared with 58% of the younger group. Younger patients clearly had superior responses to the drug both during acute episodes of illness and when used as a maintenance treatment. The findings of van der Velde were partially replicated by Hewick et al 33 in a retrospective study of 46 BD patients treated with lithium for 12 weeks: treatment with lithium was less effective in the elderly subgroup than in the younger subgroup (28% and 17% of nonresponse, respectively). The mean daily dose of lithium required to reach adequate plasma levels was significantly lower in patients .50 years old. Subsequent studies have, however, reported that lithium is effective for the treatment of acute mania in elderly BD inpatients 32, 34, 35 with an average positive response of 72%, which is comparable to the 78% achieved in younger patients.
In a sample of 30 inpatients aged $55 years, Chen et al 32 found that lithium was more effective (Clinical Global Impression [CGI] score classed as "improved" or "much improved") for those with typical manic symptoms than for those with mixed features. Himmelhoch et al 34 examined the effectiveness of lithium in 81 patients .55 years undergoing a manic episode and found that 56% of them responded well to lithium. They concluded that although advanced age had no effect on the course or outcome of a manic episode, the response rate for treatment with lithium was lower in patients with comorbid neurologic and/or substance abuse. Many authors have corroborated their main finding, showing that age of onset of BD did not seem to influence the effectiveness of lithium. 36 Subsequent studies have clarified the relationship between age and lithium efficacy based on evaluations of patients hospitalized during the manic phase of BD. A prospective study of patients on long-term lithium treatment 37 found a higher incidence and severity of manic attacks related to age in a subgroup of elderly patients; however, this was not associated with an increase in the frequency of hospitalization or an age-related decline in lithium efficacy. A retrospective study of 92 patients aged .65 years old who were hospitalized during acute manic episodes, of whom 43 were treated with lithium found that lithium therapy produced little benefit in terms of readmissions. The main limitation of this study was the method of randomization. 
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Lithium in late-life mania
Toxicity
Other toxicity Comments
Nephrogenic diabetes insipidus (NDi) Geriatric and adult lithium users had similar rates of decreased UOsm Groups were not otherwise significantly different with respect to NDi-related symptoms, USG, and serum Na+ levels There were no adult patients and only 1 geriatric patient with current hypernatremia (146 mmol/L)
The prevalence of decreased UOsm is similar in geriatric and adult lithium users, but older patients are less likely to report urinary and thirst symptoms lithium in late-life mania. 31, 39 These trials used rating scales to quantify the severity of manic symptoms.
Sajatovic et al 39 evaluated the efficacy of lithium and lamotrigine versus placebo in a subgroup of 34 elderly patients. They found that lithium reduced manic symptoms (as assessed by CGI) and was more effective in reducing subsequent incidence of manic, hypomanic and mixed episodes than placebo or lamotrigine. Lamotrigine was, however, better than lithium at preventing recurrence of depressive episodes. Lithium and valproate were found to be similarly effective in treating mania in elderly patients with BD in a prospective randomized trial, geriatric bipolar disorder (GERI-BD). The study enrolled 224 elderly BD patients in six North American sites with mania or hypomania (Young Mania Rating Scale [YMRS] score $18) at the time of the first observation; patients with rapid cycling or dementia were excluded. Half the sample (n=112; mean [M] age 67.6 years; 50% men) received lithium (0.80-0.99 mEq/L) and the other half (n=112, M age =67.6 years old, 53% men) were treated with 80-99 µg/mL of valproate with the possibility of augmentation with risperidone and lorazepam after 3 weeks of treatment if there was no improvement. The efficacy of both therapies was evaluated using the YMRS and CGI-bipolar (BP) at days 4, 9, 15, 21 and then weekly. The mean YMRS scores at baseline were 27.1 and 25.5 for the lithium and valproate groups, respectively. After 3 weeks of therapy the YMRS scores for those who completed the study had roughly halved in both groups and there was no significant difference in efficacy between lithium and valproate. 31 The most recent study included in this review confirmed this result. A recent retrospective, naturalistic study of patients aged $75 years provided clear and comprehensive evidence for the efficacy and safety of lithium and answered many of the outstanding questions from previous studies. A group of 25 patients treated with lithium was compared with patients who received other therapies. The lithium group showed a bigger improvement in CGI score. 40 Although it is difficult to compare the effectiveness of lithium across a very heterogeneous sample of studies, the most recent research provides some accurate information about the efficacy of lithium in the elderly.
Tolerability of lithium in late-life bipolar mania
This review considered the tolerability of lithium in terms of both side-effects and treatment discontinuation. Very few trials have evaluated lithium tolerability in the elderly although most of those that report on its efficacy in this population also report tolerability. This review included both retrospective and prospective studies extrapolated from a population with mixed age. The search only identified one randomized-controlled trial that evaluated the tolerability of lithium as a treatment for manic episodes in the elderly. 39 Age-related changes in the pharmacokinetics and pharmacodynamics of lithium make it less safe to use in older adults with BD. 41 Renal function decreases with age, so there is an increased risk of toxicity in older patients. [41] [42] [43] The reduction in renal function can be exacerbated by the toxic effects of lithium. A cross-sectional study compared a group of 61 patients treated with lithium for 16 years with a group of 53 patients receiving electroconvulsive treatment (ECT). Just over one-third (34.4%) of patients treated with lithium developed chronic renal failure compared with 15.1% of the ECT group. 44 A recent study of the treatment of adult BD that compared patients aged .60 years with patients aged 20-59 years demonstrated that in elderly patients lithium was prescribed less frequently (29.5% vs 37.8%, P=0.02) and at lower doses (689 vs 1,006 mg/dL; P0.0001); nevertheless the rate of recovery was twice as high among elderly patients (42.1% vs 21.3%). The authors hypothesized that the greater effectiveness of lithium could be related to the better tolerability of lithium monotherapy. 
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De Fazio et al A dated retrospective study of 82 psychiatric outpatients aged 21-84 years on therapy with lithium, of whom 37 were in the manic phase, reported that ~46% developed minor side-effects (polyuria, polydipsia, weight gain and edema) but there was no difference between patients under and over 50 years of age. Clinicians reduced the daily weight-related dose of lithium by 50% in older patients to allow lithium excretion and to reduce side-effects to a level comparable to that in younger patients. 33 The adverse effects of treatment with lithium may involve various organs and systems: central nervous system, gastrointestinal system, cardiovascular system, endocrine system and kidneys. The elderly may be more susceptible to cognitive impairment and delirium [34] [35] [36] [37] and there is evidence that neurotoxicity may continue for weeks after discontinuation of treatment, even when serum levels are under range or undetectable. 46 A prospective study of 31 patients aged between 60 and 79 years who were treated with lithium found that they were more likely to suffer toxic effects (58% showed electrocardiogram [ECG] changes related to treatment) and had lower serum concentrations of the drug than a younger comparison group. 47 Other studies have corroborated these findings, reporting higher rates of adverse reactions and toxicity in elderly patients treated with lithium, who have serum levels considered normal for the adult population. 37, 38, 48 A retrospective evaluation of 92 patients .65 years hospitalized for a manic episode assessed the efficacy and tolerability of lithium therapy in 43 patients. Twenty-six percent of patients treated with lithium showed evidence of toxicity; their plasma concentration of lithium ranged from 1.4 to 2.6 mEq/L. Two patients dropped out because of tremor, vomiting and ataxia. Head and Dening 49 retrospectively evaluated lithium treatment in a sample of 148 elderly patients (65-85 years). Similar to others 50 their most salient finding was that 32% of patients showed either elevated thyroid-stimulating hormone levels or required levothyroxine replacement therapy, suggesting that hypothyroidism is quite frequent in elderly patients receiving lithium.
Diabetes insipidus, defined as urinary volume $3 L/24 h or urine osmolality (UOsm) #300 mOsm/kg, is a problematic endocrine side-effect of lithium therapy. It is frequently found in adult patients who take lithium for .5 years, and it is even more frequent in the elderly. Polyuria, polydipsia and hypernatremia are all symptoms suggestive of diabetes insipidus. This clinical picture, in addition to being a severe GMC, requires discontinuation of treatment, leading to a higher rate of relapse. A very recent cross-sectional study of 100 BD patients receiving lithium (45 patients aged .65 years; 55 patients aged 18-64 years) compared the prevalence of diabetes insipidus and low UOsm (300 mOsm/kg) in the two groups. Although both groups showed similar rates of low UOsm, the older group reported fewer symptoms. Because age, duration of lithium therapy and serum lithium level were all independently associated with UOsm despite the relative lack of subjective symptoms, the authors recommended close monitoring of serum lithium levels and routine screening for decreased UOsm in elderly patients. 51 Raja and Raja 40 assessed both the efficacy and tolerability of lithium in elderly patients. They found that dropout rates for lithium therapy were comparable to those for other drugs. Hypothyroidism and renal failure were significant problems in patients receiving lithium. Lithium therapy was discontinued in six patients (24%) owing to ineffectiveness (n=1), heart disease not related to lithium treatment (n=1), abnormal metabolism of lithium (n=1), poor adherence to therapy (n=2) and poor clinical improvement (n=1). The authors concluded that treatment with lithium was highly effective in elderly patients and recommended a low dose regime with frequent monitoring of plasma levels.
Another retrospective study of 72 BD patients aged over 55 years estimated the frequency and costs of adverse events associated with lithium or valproate therapy over a 4-year period. The lithium group reported more medicationrelated adverse events and more severe side-effects than the valproate group. It appears, therefore, that patients being treated with lithium need to be monitored more carefully than those treated with other drugs, because of the increased risk of side-effects; this means that lithium treatment is more expensive than treatment with valproate. 52 Sajatovic et al 39 evaluated the efficacy and tolerability of mood stabilizers in a double-blind trial involving 588 elderly patients with BD. Patients received lamotrigine (100-400 mg/day), lithium (0.8-1.1 mEq/L) or placebo. The lithium group (n=98) and lamotrigine group had similar rates of side-effects (85% vs 82%, respectively); the adverse events most frequently (.10% of patients) associated with lithium treatment were dyspraxia, tremor, xerostomia, headache, infection, amnesia, dizziness, diarrhea, nausea and fatigue.
Strengths and limitations of the study
To the best of our knowledge, this is the first review to compare the most recent data with the oldest evaluations of lithium efficacy in old patients with bipolar mania. We have also examined the factors affecting lithium tolerability in late life. The possible limitations of this review include the heterogeneity of the included studies, such as the main 
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Lithium in late-life mania clinical features of patients, the mean dosage and the blood concentration of lithium. However, the inclusion criteria were designed to select patients for lithium treatment as accurately as possible.
Conclusion
Lithium remains one of the drugs of choice for the treatment of mania in elderly patients with BD. Despite the very strong evidence for its effectiveness there are significant concerns about the tolerability of lithium in the older population.
There have been very few controlled studies of the efficacy and safety of lithium among the elderly and use of the drug is probably decreasing because of the risks of interactions with other drugs and its toxicity. Assessing response to treatment in elderly BD patients is complicated by comorbid medical conditions and drug interactions; nevertheless, we conclude that lithium should still be considered the first choice agent for treatment of mania in BD. Very little evidence supports the use of alternative drugs, such as other mood-stabilizing agents or atypical antipsychotics, in older adults. The currently available data suggest that other drugs, such as valproate, may be as therapeutically effective and better tolerated but at present there is not enough evidence to recommend switching to another mood stabilizer. Lithium, therefore, remains the first-choice drug for treatment of BD in the geriatric population. Lower plasma concentrations of lithium than those usually considered effective in adults, appear to be useful and well-tolerated among older patients. Moreover, it has been reported that BD patients have a higher risk of cognitive impairment and dementia than the general population and recent preclinical and clinical studies suggest that lithium has potential neuroprotective functions. 53 Our systematic review of recent evidence underlines the need for close monitoring of plasma concentrations of lithium in the elderly. It also suggests that in the elderly lithium is as effective and better tolerated at lower doses.
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